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(54) METHOD OF CONTROLLING FREEZER AND CONTROL DEVICE FOR FREEZER FOR 
THERMO-HYGROSTAT 

(57)Abstract: 

PURPOSE: To prevent a disturbance in temperature 
control in a testing chamber caused by a variation in 
ambient temperature around a device, in particular, a 
reduction in performance of temperature where the 
device can reach its minimum value. 
CONSTITUTION: A thermo-hygrostate is operated such 
that an adjusted temperature and an adjusted humidity 
are controlled by a heater 7 and a humidifier 8 installed 
within a chamber 2. Condensing means 10 and 11 and a 
pressure reducing means 12 are connected to an 
evaporator 13 installed within the chamber 2 through a 
compressor 9, and a freezer for use in cooling the inner 
region of the chamber 2 to a predetermined 
temperature. At this time, the compressor 9 making a 
cooling capability variable in response to a variation in 
the number of rotation in its operation is employed. 
There is provided a refrigerant evaporating temperature 
sensor 15. A frequency for changing the number of 
rotation of the compressor 9 is calculated and controlled 

in such a manner that the sensed temperature is kept at a constant target value of refrigerant 
evaporating temperature. With such an arrangement as above, it is possible to keep the 
refrigerant evaporating temperature at a constant temperature so as to be stabled and thus 
stabilization and high accuracy of a testing chamber temperature control can be realized. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]warming which measured an indoor temperature and humidity which were surrounded by 
thermal insulation, and was provided in said interior of a room based on each measured value, 
while carrying out air conditioning control with a vessel and a humidifier, In a freezer control 
method of a homoiothermal constant humidity device which controls a freezer which connects a 
condensing means and a decompressing means to an evaporator formed in said interior of a 
room via a compressor, and makes prescribed temperature cool said interior of a room, A freezer 
control method of a homoiothermal constant humidity device which inputs temperature and 
humidity of said interior of a room, sets up a desired value of a refrigerant state of said freezer, 
carries out revolving speed control of said compressor with an inverter according to a difference 
of this desired value and measured value of said refrigerant state, is provided with making 
refrigeration capacity variable, and is characterized by things. 

[Claim 2]warming which measured an indoor temperature and humidity which were surrounded by 
thermal insulation, and was provided in said interior of a room based on each measured value, 
while carrying out air conditioning control with a vessel and a humidifier, In a freezer control 
method of a homoiothermal constant humidity device which controls a freezer which connects a 
condensing means and a decompressing means to an evaporator formed in said interior of a 
room via a compressor, and makes prescribed temperature cool said interior of a room, A freezer 
control method of a homoiothermal constant humidity device which sets up a desired value of 
this refrigerant state beforehand according to a refrigerant state of said freezer, carries out 
revolving speed control of said compressor with an inverter according to this desired value, is 
provided with making refrigeration capacity variable, and is characterized by things. 
[Claim 3]warming which measured an indoor temperature and humidity which were surrounded by 
thermal insulation, and was provided in said interior of a room based on each measured value, 
while carrying out air conditioning control with a vessel and a humidifier, In a freezer control 
method of a homoiothermal constant humidity device which controls a freezer which connects a 
condensing means and a decompressing means to an evaporator formed in said interior of a 
room via a compressor, and makes prescribed temperature cool said interior of a room, A freezer 
control method of a homoiothermal constant humidity device inputting temperature and humidity 
of said interior of a room, setting up a desired value of a refrigerant state of said freezer, 
controlling an opening of said decompressing means formed by an electronic expansion valve 
according to a difference of this desired value and measured value of said refrigerant state, and 
making refrigeration capacity variable. 

[Claim 4]A freezer control method of a homoiothermal constant humidity device of claim 1-3, 
wherein a refrigerant state is refrigerant evaporation temperature set as about 1 constant value 
of a refrigerant decompressed by a decompressing means given in any 1 paragraph. 
[Claim 5]A freezer control method of a homoiothermal constant humidity device of claim 1-3, 
wherein a refrigerant state is the low pressure of a refrigerant inhaled by compressor given in 
any 1 paragraph. 

[Claim 6]A freezer control method of a homoiothermal constant humidity device of claim 1-3, 
wherein a refrigerant state is the refrigerant condensation temperature of a refrigerant which 
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was breathed out from a compressor and condensed by a condensing means given in any 1 
paragraph. 

[Claim 7]A freezer control method of a homoiothermal constant humidity device of claim 1-3, 
wherein a refrigerant state is the high pressure of a refrigerant breathed out from a compressor 
given in any 1 paragraph. 

[Claim 8]A freezer control method of a homoiothermal constant humidity device of claim 1-7, 
wherein a desired value of a refrigerant state is set up according to device ambient air 
temperature of a condensing means given in any 1 paragraph. 

[Claim 9]In a refrigerating machine control device of a homoiothermal constant humidity device 
which applies a freezer control method of claims 1 and 2 or a homoiothermal constant humidity 
device of 4-8 given in any 1 paragraph, A refrigerating machine control device of a 
homoiothermal constant humidity device provided with a frequency control machine which 
carries out revolving speed control of the compressor to a control means with an inverter, and 
makes refrigeration capacity variable. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to a homoiothermal constant humidity device, 
especially carries out revolving speed control of the compressor of a freezer according to the 
temperature and refrigerant evaporation temperature in an accessory compartment, and relates 
to the freezer control method and refrigerating machine control device of a suitable 
homoiothermal constant humidity device to carry out stable maintenance of the temperature and 
humidity which supplied the optimal refrigeration capacity and were set up. 
[0002] 

[Description of the Prior Art]In the freezer control method of the conventional homoiothermal 
constant humidity device, In order to **** the thing of number-of-rotations regularity 
(immobilization) to the compressor of a refrigerating cycle and to switch cooling and 
dehumidification capacity to it, By having equipped two or more sort parallel with reduced 
pressure control and an evaporator, having accepted necessity, and pouring a refrigerant to one 
[ a gap or ] reduced pressure control and evaporator, it is common to adjust refrigeration 
capacity and there is JP, 63-1 32252, U as a well-known example relevant to this kind of device. 
[0003]For example, the homoiothermal constant humidity device which examines a 
semiconductor or an electronic device needs to maintain the refrigerant evaporation temperature 
of the refrigerating cycle below a suitable temperature gradient to the testing laboratory 
minimum temperature to attain this minimum temperature, although the minimum temperature as 
basic performance which can reach a testing laboratory was decided. When a capillary tube or a 
temperature type expansion valve is used for the reduced pressure control of a refrigerating 
cycle, device ambient air temperature is high, namely, the refrigerant condensation temperature 
by an air-cooled condenser is high like before, refrigerant evaporation temperature will also rise 
and it will go up from the minimum temperature which the maintenance of the minimum 
temperature in a testing laboratory becomes impossible, and was set up. However, if a capillary 
tube or the amount of decompression of a temperature type expansion valve is determined that 
required refrigerant evaporation temperature is obtained even when refrigerant condensation 
temperature is high in order to prevent this, When ambient air temperature is low and refrigerant 
condensation temperature is low, refrigerant evaporation temperature falls unusually and causes 
compressor damage due to a refrigerating-machine-oil temperature fall. Therefore, it is the 
important conditions of this kind of device to maintain the refrigerant evaporation temperature 
which is not influenced to change of device ambient air temperature, i.e., change of refrigerant 
condensation temperature, and to keep device performance constant through every year. 
[0004] 

[Problem(s) to be Solved by the Invention]If it was in the freezer control method of the 
conventional homoiothermal constant humidity device, refrigerant evaporation temperature 
changed with change of device ambient air temperature, i.e., change of the refrigerant 
condensation temperature of a compressor, and there was a problem which cannot keep device 
performance constant through every year. 

[0005]The purpose of this invention maintains refrigerant evaporation temperature to about 1 
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constant value, even if device ambient air temperature changes, and there is in providing the 
freezer control method and refrigerating machine control device of a homoiothermal constant 
humidity device which can carry out air conditioning of the interior of a room. 
[0006] 

[Means for Solving the Problem]ln order to attain the aforementioned purpose, a freezer control 
method of a homoiothermal constant humidity device concerning this invention, warming which 
measured an indoor temperature and humidity which were surrounded by thermal insulation, and 
was indoors provided based on each measured value, while carrying out air conditioning control 
with a vessel and a humidifier, In a freezer control method of a homoiothermal constant humidity 
device which controls a freezer which connects a condensing means and a decompressing 
means to an evaporator formed indoors via a compressor, and makes prescribed temperature 
cool the interior of a room, An indoor temperature and humidity are inputted, a desired value of a 
refrigerant state of a freezer is set up, revolving speed control of the compressor is carried out 
with an inverter according to a difference of a desired value and measured value of a refrigerant 
state, and it has composition which makes refrigeration capacity variable. 

[0007]and warming which measured an indoor temperature and humidity which were surrounded 
by thermal insulation, and was indoors provided based on each measured value, while carrying 
out air conditioning control with a vessel and a humidifier, In a freezer control method of a 
homoiothermal constant humidity device which controls a freezer which connects a condensing 
means and a decompressing means to an evaporator formed indoors via a compressor, and 
makes prescribed temperature cool the interior of a room, Composition which sets up a desired 
value of a refrigerant state beforehand according to a refrigerant state of a freezer, carries out 
revolving speed control of the compressor with an inverter according to a desired value, and 
makes refrigeration capacity variable may be used. 

[0008]warming which measured an indoor temperature and humidity which were surrounded by 
thermal insulation, and was indoors provided based on each measured value, while carrying out 
air conditioning control with a vessel and a humidifier, In a freezer control method of a 
homoiothermal constant humidity device which controls a freezer which connects a condensing 
means and a decompressing means to an evaporator formed indoors via a compressor, and 
makes prescribed temperature cool the interior of a room, Composition which inputs an indoor 
temperature and humidity, sets up a desired value of a refrigerant state of a freezer, controls an 
opening of a decompressing means formed by an electronic expansion valve according to a 
difference of a desired value and measured value of a refrigerant state, and makes refrigeration 
capacity variable may be used. 

[0009] Furthermore, composition which is the refrigerant evaporation temperature set as about 1 
constant value of a refrigerant decompressed by a decompressing means may be sufficient as a 
refrigerant state. 

[0010]And composition which is the low pressure of a refrigerant inhaled by compressor may be 
sufficient as a refrigerant state. 

[001 1]Composition which is the refrigerant condensation temperature of a refrigerant which was 
breathed out from a compressor and condensed by a condensing means may be sufficient as a 
refrigerant state. 

[001 2]Furthermore, composition which is the high pressure of a refrigerant breathed out from a 
compressor may be sufficient as a refrigerant state. 

[0013]And composition set up according to device ambient air temperature of a condensing 
means may be sufficient as a desired value of a refrigerant state. 

[0014]In a refrigerating machine control device of a homoiothermal constant humidity device, it 
has composition provided with a frequency control machine which carries out revolving speed 
control of the compressor to a control means with an inverter, and makes refrigeration capacity 
variable in a refrigerating machine control device of a homoiothermal constant humidity device 
which applies a freezer control method of any said one homoiothermal constant humidity device. 
[0015] 

[Function]According to this invention, if the power supply frequency of a rotary compressor is 
changed, as shown by a number-of-rotations (r. p.m) =(120/p) xfp= pole and f= frequency, the 
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number of rotations of a rotary compressor will change in proportion to frequency. If number of 
rotations changes, the discharge quantity of a refrigerant will change, the amount of refrigerant 
circulation will change, and refrigeration capacity will change. For example, if frequency is made 
high and the number of rotations of a rotary compressor is raised although refrigerant 
evaporation temperature also becomes high when device ambient air temperature is high and the 
refrigerant condensation temperature of a freezer is high, the amount of refrigerant circulation 
will increase, refrigerant condensation temperature will fall, and predetermined refrigeration 
capacity will be acquired. Power supply frequency by carrying out the comparison operation of 
the measurement refrigerant evaporation temperature, and making target refrigerant evaporation 
temperature and measurement refrigerant evaporation temperature approximate to the target 
refrigerant evaporation temperature determined with an indoor measurement temperature 
inputted into a control means, The optimal refrigeration capacity is supplied, change of the 
refrigeration capacity accompanying change of the refrigerant condensation temperature by 
change of device ambient air temperature is controlled, and device performance is kept constant 
through every year. 
[0016] 

[Example]The 1st example of this invention is described referring to drawing 1. The testing 
laboratory (room) 2 where the homoiothermal constant humidity device was surrounded by the 
thermal break 1 as shown in drawing 1 , The condensing means which consists of the rotary 
compressor 9 which circulates through the refrigerant 14, and in which frequency control is 
possible, and the fan 1 1 for condensers which ventilates the condenser 10 which carries out air 
quenching of the refrigerant gas breathed out from the rotary compressor 9 to a refrigerant 
solution, and the condenser 10, The reduced pressure control (decompressing means) 12 which 
decompresses the refrigerant 14, and the evaporator 13 which absorbs the heat in the testing 
laboratory 2 with the refrigerant 14 which was provided in the testing laboratory 2 and 
decompressed, the inside of the testing laboratory 2 — warming — warming to control — it is 
constituted by the heater 7, the humidification heater 8 which carries out humidification control 
of the inside of a testing laboratory, the circulating blower 5 in the testing laboratory 2, and the 
control means which is not illustrated. The flow 6 of air circulates through the inside of the 
testing laboratory 2 like an arrow graphic display. The dry-bulb-temperature sensor 3 and the 
wet-bulb temperature sensor 4 are arranged at the outlet of the circulating blower 5, and the 
refrigerant-evaporation-temperature sensor 1 5 is further attached to the pipe-line way to the 
evaporator 13 by the refrigerant exit side of the reduced pressure control 12. The composition 
which carried the thing of constant speed and formed reduced pressure control by the electronic 
expansion valve may be sufficient as a compressor. 

[0017]The control-system way (control means) of this device is explained referring to drawi ng 2. 
Each detection temperature of the dry-bulb-temperature sensor 3 and the wet-bulb 
temperature sensor 4, the microcomputer 20 performs a comparison operation with indoor 
preset temperature and setting-out humidity — the heater output controllers 21 and 22 — 
warming — highly precise air conditioning control is enabled by carrying out PID control of the 
output signal to the heater 7 and the humidification heater 8. On the other hand, the refrigerating 
cycle used as an object for dehumidification cooling, Based on each detection temperature of 
the dry-bulb-temperature sensor 3 and the wet-bulb temperature sensor 4, the difference of 
setting out of the desired value of a refrigerant state, and the measured value of a refrigerant 
state, For example, the microcomputer 20 performs the comparison operation of the difference 
of the detection temperature and setting-out refrigerant evaporation temperature by the 
refrigerant-evaporation-temperature sensor 15, and PID control of the frequency for controlling 
the number of rotations of a rotary compressor by the frequency control machine 23 is carried 
out. The refrigerant condensation temperature of the refrigerant which the refrigerant state was 
breathed out from the low pressure of the refrigerant inhaled by the compressor, and a 
compressor, and was condensed by the condensing means, Or any of the high pressure of the 
refrigerant breathed out from the compressor may be sufficient, and desired values, such as 
setting-out refrigerant evaporation temperature, may be beforehand decided on the specification 
of a device according to an indoor temperature and humidity. Furthermore, a decompressing 
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means is formed by an electronic expansion valve, and a compressor carries the thing of 
constant speed and may be made to carry out opening control of the electronic expansion valve 
with a microcomputer. 

[0018]The flow chart of the frequency control of a rotary compressor is shown in drawing 3. On 
initial-setting frequency, number of rotations changes according to change of power supply 
frequency, the amount of refrigerant circulation fluctuates, and a rotary compressor rotates 
simultaneously with the start up of a rotary compressor, and after this, The comparison 
operation of the difference of the measurement temperature of an evaporating temperature 
sensor and target refrigerant evaporation temperature is always performed, When measurement 
temperature is high, it is considered as the increase of frequency, and when low, it is considered 
as the decrease of frequency, and operation of the amount of increase and decrease which 
determines the optimal power supply frequency transmitted to a rotary compressor, makes 
measurement refrigerant evaporation temperature approximate to target refrigerant evaporation 
temperature, and is coincided further is further attained by carrying out PID control. 
[0019]The 2nd example of this invention is described referring to drawing 4. Instead of the 
refrigerant-evaporation-temperature sensor in the 1st example, it is the composition of having 
used the refrigerating cycle low-pressure power sensor. By attaching the low pressure sensor 16 
between the rotary compressors 9 via the reduced pressure control 12 and the evaporator 13, 
Like the comparison operation of the setting-out refrigerant evaporation temperature and 
detection temperature in the 1st example, the comparison operation of target low pressure and 
detection pressure power is performed, the frequency of a rotary compressor is controlled, and 
it becomes possible to make target low pressure and detection pressure power approximate. 
[0020]The 3rd example of this invention is described referring to drawing 5. Instead of the 
refrigerant-evaporation-temperature sensor in the 1st example, it is the composition of having 
used the refrigerating cycle condensation temperature sensor. By attaching the refrigerant 
condensation temperature sensor 17 to the inside of the condenser 10, or the exit part of the 
condenser 10, refrigerant condensation temperature is detected and the frequency of the rotary 
compressor required in order to keep refrigerant evaporation temperature constant to refrigerant 
condensation temperature beforehand is set up. This example of control is shown in d ra wing 6. It 
becomes possible to keep refrigerant evaporation temperature constant by operating a rotary 
compressor according to the 3rd example with the set frequency according to change of the 
refrigerant condensation temperature accompanying change of device ambient air temperature. 
[0021]The 4th example of this invention is described referring to drawing 7. Instead of the 
refrigerant condensation temperature sensor in the 3rd example, it is the composition of having 
used the refrigerating cycle high pressure sensor. The high pressure of a refrigerant is detected 
by attaching the high pressure sensor 18 between the rotary compressor 9 and the reduced 
pressure control 1 2, The same effect can be acquired by setting up frequency with the detected 
high pressure instead of the frequency setting of the rotary compressor by the detected 
refrigerant condensation temperature in the 3rd example. 

[0022]The 5th example of this invention is described referring to drawing 8 . The case where an 
air temperature sensor is used instead of the refrigerant condensation temperature sensor in the 
3rd example is shown in drawing 8. By attaching the air temperature sensor 19 to a device 
periphery or the air-drawing part of the condenser 10, The same effect can be acquired by 
detecting air temperature (device ambient air temperature), and setting up frequency with the 
detected air temperature instead of the frequency setting of the rotary compressor by the 
detected refrigerant condensation temperature in the 3rd example. 

[0023]By this invention, refrigerant evaporation temperature can be maintained and stabilized to 
target temperature to change of device ambient air temperature, i.e., change of refrigerant 
condensation temperature. The frequency control of a rotary compressor and an example of the 
refrigerating cycle characteristic by this invention are shown in drawing 9. Even if device ambient 
air temperature changes and refrigerant condensation temperature changes by adopting the 
frequency control by the refrigerant evaporation temperature of this invention, The refrigerant 
evaporation temperature can keep constant -45 ** which is setting-out refrigerant evaporation 
temperature, as a result, testing laboratory preset temperature~40 ** is maintained through 
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every year, and it becomes possible to maintain stability. Refrigerant evaporation temperature 
changes and it becomes impossible in the frequency immobilization (60 Hz) by conventional 
technology, for testing laboratory temperature to maintain -40 ** as a result to a device ambient 
temperature change at the time of a circumference elevated temperature, as a dashed line 
shows in drawing 9. 
[0024] 

[Effect of the InventionjAccording to this invention, since refrigerant evaporation temperature 
can be maintained and stabilized to target temperature to change of device ambient air 
temperature, i.e., change of refrigerant condensation temperature, indoor preset temperature is 
maintained with high precision through every year, and it becomes possible to stabilize. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a lineblock diagram showing the 1st example of this invention. 

[D ra wing 2] It is a flow chart which shows the control-system way of dra wing 1 . 

[Drawing 3]It is a flow chart which shows the frequency control of the rotary compressor of 

drawing 1 . 

[Draw ing 4]It is a lineblock diagram showing the 2nd example of this invention. 

[Drawing 5] It is a lineblock diagram showing the 3rd example of this invention. 

[Draw in g 6] Refrigerant condensation temperature and setting-out compressor frequency by this 

invention example 3 

[D rawing 7] It is a lineblock diagram showing the 4th example of this invention. 

[Drawing 8] It is a lineblock diagram showing the 5th example of this invention. 

[Drawing 9] It is a figure showing the compressor frequency control and the refrigerating cycle 

characteristic by this invention. 

[Description of Notations] 

3 Dry-bulb-temperature sensor 

4 Wet-bulb temperature sensor 

7 warming — a heater 

8 Humidification heater 

9 Rotary compressor 

10 Condenser 

12 Electronic formula proportional control valve 

13 Evaporator 

1 4 Refrigerant 

1 5 Refrigerant-evaporation-temperature sensor 

1 6 Low pressure sensor 

17 Refrigerant condensation temperature sensor 

18 High pressure sensor 

19 Air temperature sensor 



[Translation done.] 
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(3) 



#BS¥6-3 4 7 1 0 7 



3 

[0 0 0 6] 



4 



[IHiftfBfc-r*&»©*iH l»E©B»*3lJ«1"*& IslCft <r. p. m) = (120/p) xf 

0iWe*fc*^**rtfcRW" fcJq»«Xt«Ba»fcJ: D teR*yEflrT&. WmjfiWlcft* fc?M*©«:lH*We 

wawfifwwrstiht)^ sftfcRtt^^gjcffiHS -fbur»iK«?B**^bu, «««*a**ifc*-s. 

[0 0 0 7] *LT»f«WfcH*nfc*rt<Da«RW» a*&Jt«tiftJFU S«»jK3K»fiftkH)g»Mai«& 
5fi«Lfiatt«©»«a«W*ttK:*ViT» [0 0 16] 

[0008] *&^«K:H*n:tsrto«*&tfliK HWMi[«viriBftBKaeEim9 1, m^mmrn 9 <t 

SR^ttiasic^DH&RsiHfli-rdkk^ic, ks^igi o 1 1 fc±t>&5 

RJtfe*»«K:ffilB«S«abTWB#Rk«BE^R4: WMfcfc* »« 1 4 *«^*«EE«« (Mffi^g) 

*»«b*^*^a«fc»35ISii:5»a£«*»J«-rs 1 2£, tt**2 WfcRW5n«BESnfc»*l 4TK 

Haaa»«^?M*«*narttfc*v^T, iw©iks *S2rt<z>j»*KJK"r5i85!«si 3^ Kifeg2i*i£SD 

rxa«ftA*bT»^©»iBt^©B«a*Rfeu »«»-r*anab:--* 7 K»^wsnnafti»-r-5iio 

[0 0 0 9] S6lC?Mlt«Iltt, »ja£#afcJ:D*E3 *fflPfctttt*a*^>*3R»B«aie*>*4 3^ 

n&»iit<z)e«-ttafcRfian*»ii»aHMTr** fisn, s e 1 2o»mBn«T?, «§8«i 

W^TfecfcV^ 3 *T?<0E**J8Ki?MIE*asaflE-fe>* 1 5 ^StfttT 
[0 0 10] *bT»Mt3R18tt, EB«£RA£ftS# ft«EflMltt£»O«>0[)^ftb, MJ£«S*£m 

[0 0 11] S&fcttHttBEU ffilB«cfcD«:lH$n*0 [0 0 17] *&«<D«[ffll«% ^i2^# 

««^STSi®$n^«CD^S^ST^-5«^T BKb&**SR9Tr^ K3»a** 3 fttfaaWflEiz: 

fc«fcv>. 49 >*4o*^o«aiaflEi4, artoR*a*Rt«tea 

[0 0 12] SSfc?|«ttlMi ffl»«J;Dttffl;*n& ftt©it*W**^9a3>i;a-^2 OTtrttK 

3W*©aEfflBE*T**«JiET!*> < fcVi. fc-^ffl**J»g2 1, 2 2tfflh^7MMt 

[0 0 13] *bT*Mfe^<Z>B«*BU ^ffi^acog ~^8^<Z>ffi#ffi-^£P IDMfrrSEfcKJ:^ Jgffl 

««Ha*fc*CTRjesn««!jSTt)<fc^. sowanawwftwtBfcbT^s. nnK:*fu i»a 

[0014] ^fcfiaaasso?&*«*flwsisic43v^ »aiffld:bTfflV46n*»**-f ^;wa, ft3»a«-fe> 

teu iMav^n^— 3©aafiasa<o»*«ftHi* ^3R^»aK^>^4oft^©*fflaafca6^#» 

ft&affl-rsaaaa*Bo»*«iBWK«fc*viT, iitt»<oBaa©R«t?MiE««(Da€at©«, m 

tt«#Sfc, BE*«*-f >A-^fcJ;DIaWE*«H(lb» HJMft»»a*"fe>*l 5fc±S*ffla*£R«?Miai 

[0015] so umm2 ttmti3&mw»mm&witt*i£}b<i>n 
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(4) 

5 

[0018] mmttmmvmmkMWtoyu-r*-- io 
^aa^a^KfiKtco^jtiSEaw&ffv^ asms 

U *&te***BP lD«|||l-r«CtfcJ;DH(8iaBE 
MJBE««1 2£*5SS1 3tft*bTH*S6Ea« 

«g tKDmizi&mjztj^yv i 6&mmf2>z.t\z£ 
d> n i <DmffiM\z&tf%mMi$mMmm&tik&Mm 

[0 0 2 0] *5gW©m3CDj|JB«&H5*#MaU7S:5»s 56? 

Sttsi o (z>ft«x»awt» i ootbpffi^» 

itlttltt^l 7 ft«ft»* 21tKJ;0, »tn»8 

[0021] *mn<n^4<ommm*m *&mvf£& 

T?*5 0 EICA£EMI«9 <h«8H3£* 1 2 £©|«fcflSfflEE 
[0 0 2 2] *5gMC0»5O*JB«|*|g8&#JIgL^ ^ 



#r?l¥6-3 4 7 1 0 7 

6 

&R§rrs. m3<Dmffim\z&tf%ntmmmum±>v 
bo *mmism3<DmffiM\z&\?z&mLtziftmMffim. 

«fc±Sia«*EEIB«©«ifeft«te©*toOfc> «tfflb 
[0 0 2 3] *SS?atr<fcD, SSMEBUE«}Sft:, Tft: 

t>%i®mmmM&<Dmt\zMvx, i^mm^mm^sm 
iHiKa:jBEj|!B«©B««c»j» t^*^^ *;t4MScD-«i£ 

&z>-4 bx:*-mz&^z.t&^^ z.<Dmm, urn 

(6 0 Hz) <&#&fck H9«pfcW«^i-ci:5^ 
[0 0 2 4] 

[5SE®»*] #»WfcJ;ttfc£ ttRHBHUEOSfc 
BflHUEftltttU ££3i^££#^#Sfc«>, £rt 

[■aoiRJiiainm 

[HI] **WO»KDHJ6*0&^f**H^*§o 

[S3] 0 1 <D®fe^mffim<Dmfc&mw*7£Tyu- 

[04] *»!H©*2©«i6«*^t1llJatH , Xf**. 
[0 5] *«M<Z)»3CDSIJE«^-r«*HTf*5o 

[0 6] ^mhom 3 iz&zimmKm&tmsQm 

[0 7] *^HJOH4CO«^^^*^0T^^o 

[0 8] *mio*s(DfmM**ttmFcto*. 

[09] *»Wfc±Sffi«««»RIW»fc»**-f 

[«»CDKW] 
3 ft#R#fe>tf 

4 

7 JjDfit:— ^ 

8 iJDMh-^ 

9 HK^ffiM 
10 

1 2 mttttmmwft 

1 3 
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[03] [04] 
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[B5] 

I 3 4 5 




M7] 

I 3 4 5 




10 II 18 9 14 



(6) #§1^6-3 4 7 1 0 7 





70-- 
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if] 






60-. 


& 

(Hz) 






SO 



10 


20 30 40 50 60 




CO 


5 


10 15 20 25 




M E ^ (kg/cm*G) 



O 10 20 30 40 50 



[■8] 



3 4 5 




19 10 11 9 14 
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[B9] 




CO 



O 10 20 30 40 



